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on Light y and the Wajle of Matter in the Sun, &c. 195 

II. Obfervations on Light, and the Wajie of Matter in the 
Sun and fixt Stars, occafionedby the confiant Efflux of Light 
from them : with a Conjecture, propofed by Way of Query, 
and fuggejling a Mean, by which their fever al Syjlems might 
be preferred from the Diforder and final Ruin, to which they 
feem liable by that Wajie of Matter, and by the Law of Gra- 
vitation. 

By J A M E S BOWDOIN, Bfquire, 
Vrefdent of the American Academy of Arts and Sciences, 

HAVING in a preceding memoir laid before the Acade- 
my the obfervations, that occurred on the fubject of Dr. 
Franklins hypothecs relative to light, I fhall now confider his 
objections to the received doctrine concerning it. 

The objections will appear by the following paragraph taken 
from one of his letters on philofophical fubjects .. 

"*' I muft own, fays the Doctor,* I am much in the dark 
about light. I am not fatisfied with the do£trine,that fuppofes 
particles of matter called light, continually driven off from the 
fon's furface, with a fwiftnefs fo prodigious ! Muft not the 
fmalleft particle conceivable have, with fuch a motion, a force 
exceeding that of a twenty-four pounder, difcharged from a can- 

A a 2 non ? 

* See Letters and Papers on Philofophical Subjedls. p. 464.. edit. 1769. 

Juft as thefe memoirs were going to the prefs, an ingenious gentleman of the 
American Academy, favoured me with the Philofophical Tranfactions for 1770, 
(,the fiotfj vol.) in which the Rev. Dr. Horjley, in a paper entitled, " Difficulties 
in tht-Newtonian Theory of Light, confidered and removed," quotes this paflage 
from Dr. Franklin's letters ; and very ingeniously difcuifes the queftiens contained 
in it. 

V -The fubjeel being confidered in that paper, upon principles different from thofe 
addjted in this memoir, there will not be found any fimilitude between them. 
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non ? Muft not the fun diminifh exceedingly by fuch a wafte 
of matter ? and the planets,, inftead of drawing nearer to him, 
as fbme have feared, recede to greater diftances through the 
leuened' attraction ? Yet thefe particles, with this amazing mo- 
tion, will not drive before them, or remove, the leaft and light- 
eft duft they meet with : and the fun, for aught we know, con- 
tinues of his ancient dimenfions ; and his attendants move in 
their ancient orbits." 

The Doctor's difTatisfadtion with the received dodrine, is 
founded on two objections implied in his queries, and which 
may be exprefled in the following propofitions. 

1 ° • That, fuppofing the doctrine true, the fmalleft particle 
of light muft be driven to us with prodigious force, a force ex- 
ceeding that of a twenty-four pounder, difcharged from a can- 
(ion. But this is contrary to fact. 

2 ° • That the fun muft be exceedingly diminimed by fuch a 
wafte of matter ; and the planets, in confequence of it, muft 
recede to greater diftances from him. But, for aught we know, 
both the fun and the planets, continue in their ancient ftate. 

From thefe propofitions it is implicitly inferred, that the 
doctrine is not well founded. 

Among the obfervations on the fecond proposition, an hypo- 
thefls will be propofed, by way of query, fuggefting a mean, 
whereby the material fyftem, collectively taken, might be pre- 
ferved from the diforder and ruin, to which they feem liable 
from caufes hinted at in that propofition. 

In regard to the objection contained in the firft propofition, 
it adopts the idea, that light, like any other body in motion, 
will ftrike with a force proportioned to the degree of its mo- 
tion ; which degree of motion, or the celerity, multiplied by 

the 
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the quantity of matter in the body, will, in the refult, exprefs 
its force or momentum. 

Ify then, we can fuppofe the quantity of matter in a particle 
of light to be, not indeed abfolutely, but comparatively, o, its 
momentum will alfo be comparatively o j and it can have, in 
that cafe, no vifible effect on the fmalleft particle of dull to 
remove it. 

Let us now confider what reafon there is for fuch a fuppofi- 
tion. In order to that, I beg leave to introduce here, a para- 
graph from one of my letters to Dr. Franklin, printed with 
his letters and papers on philofophical fubjects. It runs thus,* 
" The flame of a candle, it is faid,, may be feen four miles 
round. The light, diffufed through this circle of eight miles 
diameter, was contained, before it left the candle, within a 
circle of half an inch diameter. If the denfity of light, in 
thefe circumftances, be as thofe circles to each other, that is, 
as the fquares of their diameters (or, which is equivalent, if 
die denfity decreafes as the fquare of the diftance or femi-di- 
■ameter increafes) the candle-light, when come to the eye, will 
be 1027,709,337,600 times rarer than when it firft quitted the 
half-inch circle. Now the aperture of the eye, through which 
tile light paffes, does not exceed one- tenth of an inch diameter, 
afrd the portion of the lefs circle, which correfponds to this 
(mall portion of the greater circle, murr. be proportionably, 
that is, 1027,709,337,600 times lefs than one-tenth of an 
inch : and yet this infinitely fmall point (if you will allow the 
expreflion) affords light enough to make it vifible : or rather, 
affords light fufficient to afrecl: the fight at that diftance." 

If 

* Letters, &c. p. 275, 
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If the calculation, referred to in that paragraph, be juft j and 
we mould fuppofe a fingle particle of light, though incompa- 
rably fmaller, to be in bignefs equal to that point, I would afk, 
whether the quantity of matter in fuch a particle would not 
be fmall in a greater degree than its velocity, equal to that of 
the fun's light, would be great ? If fo, a particle of light in 
motion, agreeably to the foregoing fuppofition, may be here 
eftimated o, and its momentum not fufficient to remove the 
lighteft duft ; much lefs to do as much execution as a twenty- 
four pounder, difcharged from a cannon. 

It is impomble to calculate the momentum, where the re- 
quifite data cannot be had : but fuppofing the candle-flame 
equal in bulk to a fphere of half an inch diameter, and to weigh 
as much as an equal bulk of air, viz. about one thirtieth part 
of a grain ; though in fad its gravity is incomputably lefs than 
that of air : then the fquare aforefaid will exprefs the propor- 
tion, in which the denfity of the candle-light is diminished at 
•the verge of the greater circle : and the fame proportion of one 
.thirtieth of a grain will exprefs the weight of that light at the verge, 
viz. one 30,831,280, 1 28,000th part of a grain ; which we will 
confider as the weight of a fingle particle of the fun's light. If 
the velocity of light be at the rate of 80,000,000 miles in fix 
minutes, then its velocity will be 222,222 miles, equal to 
14,079,985,920 inches, in a fecond. This number of inches, 
■divided by 30,831,280,128,000, the fuppofed particles in a 
grain, will mew the degree of motion required in a body weigh- 
ing one grain to give it a momentum, equal to that of a partis 
cle of light, upon the hypothefis afiumed : which motion will 
ibe 456 millionth parts of an inch in a fecond, equal to one inch 
in 2-190 feconds,or thirty fix minutes and an half ; and is much 

flower 
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flower than the hour-hand of a common clock : which, with 
its greater degree of motion, and much greater quantity of mat- 
ter, does not give to the fmalleft bodies, placed in its way, any 
vifible motion. 

Precision in this calculation is not aimed at, and the nature 
of the fubje& does not admit of it : but it is apprehended, it 
will appear fufficiently evident from it, that light, even if its 
velocity were much greater than it is, and its gravity equal to 
that of air, to which, with great difadvantage to the argument, 
it has been, in that refpect, compared, cannot drive before it 
the Iighteil dull, or, indeed, give it any fenfible motion at all. 

To the fame purpofe it may be further obferved, that light 
reflected to the eye through a microfcope and prifm, would, it 
is apprehended, exhibit the fame variety of colours, as light 
coming directly from the fun. In which cafe, the ray fo view- 
ed, (like the candle-ray, which has been conudered as a iingle 
particle only) muft be compofed of a multitude of particles ; 
and be a proof, that the particles of light are inconceivably 
fmailer than the calculation fuppofes. This degree of fmall- 
neis, however, reprefents them to be of great magnitude, com- 
pared with their real fize : for when we coniider, that the fun's 
light is diffufed through the whole folar fyftem, and much be- 
yond it ; and that a part of it, in that antenuated Hate, is re- 
flected to us from the planets, in which reflection it undergoes, 
by its divergence, a further, and an extreme, attenuation : and 
elpecialiy when we coniider the immenfe fphere, throughout 
which the light of the fixt liars is vifible, particularly thofe of 
them, whofe diilance is fo vail, that, at oppofite points of the 
■earth's orbit, they have no fenfible parallax — the divisibility of 
light, and the proportionable tenuity of its particles, confound 

the 
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the imagination j and render human calculation inadequate fo 
exprefs the prectfe degree of them, or the inconfiderabknefs of 
the momentum of thofc particles. 

This inadequatenefs is particularly applicable to the forego- 
ing calculation : which was purpofely made on the difadvanta- 
geous principles affumed in it, to fhew, that even on fuch prin- 
ciples, the momentum of light could produce no vifible mo- 
tion in the fmalleft bodies, that fall under our notice. But had 
the calculation been founded on the ftate of the fun's light re- 
ceded from one of the planets, for inftance, the Georgium 
Sidus, lately difcovered by Mr. Herfchell, the refult would 
have been widely different ; and we mould, in that cafe, have 
had a jufter idea of the momentum. The light reflected to the 
earth from that planet, whofe mean dulance from the fun is 
faid to be 5,000,000,000 miles, is fo extremely attenuated, 
that the momentum of a particle of it, transferred to a body, 
weighing a millionth part of a grain, would communicate to 
it fo fmall a degree of motion, that it would require millions 
of ages for that body to move the diminutive part of an inch 
mentioned in that calculation. 

If thefe obfervations be juft, it is apprehended they fhew, 
with fome degree of evidence, that a particle of light, notwith- 
standing its prodigious velocity, cannot by its impulfe remove 
other bodies, or difplace even the fineft, microfcopic duff ; and 
that the doftrine objected to, may be true, notwithstanding the 
the firft of the .two objections, which have been made to it. 

The fecond propofition, containing the other objection, is, 
that in cafe there are particles of matter, called light, conti- 
nually driven off from the fun's furface, the fun muff be ex- 
ceedingly diminifhed by fuch a wafte of matter ; and the pla- 
net?, 
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nets, in confequence of it, muft recede to greater diftances 
from him, through the leffened attraction. 

Here I beg leave to obferve, that if the material fyftem, in 
its prefent form, was not intended by its Creator to be perpe- 
tual, then the wafte of the fun's matter, and the confequent 
<liforder in the fyftem, arifing from the altered ftate of its gra- 
vitation, will only be a proof of that intention ; and not ope ~ 
rate againft the truth of the doctrine. 

That fyftem, like every other, derived from the fame origi- 
nal, doubtlefs has within itfelf the means of continuing in its 
prefent form, until the great and wife purpofes of its Author 
•flull be brought into effect, and compleatly anfwered. 

With refpect to the folar fyftem, fo far as its continuance de- 
pends on the fun, it feems calculated, notwithftanding the fup- 
pofed wafte of the fun's matter, to laft for many ages : for the 
fun, by reafon of its prodigious bulk, and the divifibility of 
its matter, muft, from its own internal fources, furnifh light 
to the fyftem through a long tract of time, without being {en~ 
fibly diminished. If thofe eccentric bodies, called comets, 
which have been thought intended to recruit the fun's wafte of 
matter, do in fact anfwer that purpofe, provifion is then made 
for the prefervation of the fyftem, at leaft until thofe bodies 
fhall have all fucceffively fallen into the fun, and been expend- 
ed. When that fhall happen, if there be provided no further 
means of recruit, the fyftem will begin to decay, and finally be 
reduced to a chaotic ftate : from which, like our earth, it may 
be reftored in fome new form, to anfwer the further purpoies of 
the Creator. I mention our earth, as in the Mojaic account of 
it, its original is defenbed in fuch a manner, as to give us the 
idea of its having been an old planet, by fome means or other 

B b reduced 
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reduced to:achaos j from which it was renovated,, and made 
fuitable for the purpofes, to which it has been applied. 

There is ; nothing unreafonable, or improbable, in that idea : 
sndAf the earth; was fo renovated, it may. be inferred from ana- 
logy, that in cafe the prefent fyftem mould, go to decay, a new 
-ofie,. and perhaps a fiiperior one, would arife from its ruins,. 

Thefe-obfervations are founded on the idea of the wafte of 
the fun's matter, and its final diffolution, with that of the fyf- 
•tetodepending upon it : whether gradually occafionedhy that 
Waifte of matter, or more rapidly brought on by the general law 
'©f gravitation. In this view of things, the objection does not 
militate with the doctrine. 

But- perhaps it may be thought mere philofophicai, and that 
it would better comport with our ideas of the wifdom of the.Cre- 
•atorto fuppofe, that when he created the fyflem, he intended it 
ihouJd: be a permanent one ; and at the fame time f urnifhed it 
with the means- of its own prefervation. In which cafe, may 
it not be further fuppofed, particularly with regard to the efflux 
of light from the fun, by which its matter is conceived to be 
-wafted, that he provided means, whereby the effluent particles, 
after anfwering the purpofe of their efflux, mould be returned 
to the fun, to anfwer again, in a conffant fucceffion, the fame 
purpofe. 

I do not know, whether the hypothefis, fuggefted in the 
following queries, and relative to that fubjeft, be admiffible, or 
not. It is however offered for confederation, 

It was primarily and fpeeially intended to fuggeft a mean for 
preventing the ruin, to which the material fyftera feems liable 
from the general principle of gravitation : but the fame mean 
may pombly be applied to reftore to the fun, in a regular fuc- 
ceffion 
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-ceffion, its effluent light j and thereby obviate the evil effects, 
that might otherwife follow from the efflux. 

Is it not conceivable, that round the folar fyftem, and the fe- 
deral fyftems, which compofe the viable heavens, there might 
liave been formed a hollow fphere, or orb, made of matter fid 
gene?-is, or of matter like that of the planets, and furrounding 
the whole : having its inner or concave furface at a proper dis- 
tance therefrom ; beyond which furface light could not pafs, 
and between which, and the particles of light, there mould be 
a mutual repulfion ? And might not the fun, or fource of light, 
of each fyftem, have been fo placed, in refpect of each other, 
and the concave furface of the furrounding orb, that there fhould 
i>e, by direct and repeatedly indirect reflections, an interchange 
•of rays between them, in fuch a manner, as that to each there 
mould be reftored the quantity it had emitted ; and thereby the 
wafte of its matter be prevented : and this at the fame time it 
•.difpenfed its light to its particular fyftem ? 

This ufe of fuch an orb is here meant to be confidared as a 
fecondary or incidental one ; to which it might be applied : 
but the principal or primary ivfe of it, as a counter-balance to 
the gravitating principle of the lyftems contained within it, will 
be (ten in its proper place. 

There is a remarkable phenomenon in the folar fyftem, to 
which the ideal one, juft mentioned, bears feme refemblance. 
and by which it was fuggefted : I mean the ring or arch, which 
fnrrounds the planet Saturn. We are told by aftronomers, that 
its width, and alfo its diftance from Saturn, is about 25,000 
miles 1 — forming around that planet a beautiful arch, which 
may be defigned, among other purpofcs, to increafe its light 
audi heat, by reflecting upon it, like a concave mirror, the fun's 

B b 2 rays : 
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rays : of which* by reafon of its great diftance from the fun, 
it would not otherwife have had a furficient quantity. 

If Saturn were a luminous body perfe^ and the arch, (mads 
of fuitable matter, and properly conftru&ed,, for the purpofe) 
entirely environed it, the whole quantity of light emitted from 
it, would be reflected back.; and no wafte of its matter arife 
from that emiffion. The fame kind of hollow fphere or orb, 
furrounding, for inftance, the folar fyftem, would anfwer the 
4ame purpofe. Its fun, being in the centre of the orb, would 
have all its light reverberated back to it : except the compara- 
tively fmall quantity intercepted by the planets : a great part 
of which quantity would, by direct, and indirect reflections, be 
returned to the fun y and a quantity equal to the remainder, by 
means of volcanoes, and other internal fires in the planets* 
might he thrown off from them, and conveyed to the iun ; 
whereby the equilibrium of the whole might be preferved. 

Such an orb for. a fingle fyftem appears fimple and plain ; 
and fuch an one for the whole choir of fyftems, though feem- 
ingly more complicated,, mightyet appear equally fuitable for 
the purpofe, when its ftru&ure, and the laws and principles 
which governed it, and alfo the fituation of the feveral fyftems 
relative to it, and to each other, Should become known. 

Its ftupendous extenfion would be no objection to the fup- 
pofition of its reality : for if the convenience and pleafure of 
the inhabitants of Saturn were a fufficient reafon for furniftiing 
that planet with its mafly ring, the prefervation of fuch a choir 
of fyftems,, with the aftonifhing multitudes of their inhabitants* 
Would juftify and fufficiently fupport the fuppofition of fuch an 
orb : especially when it is conlidered, that befides anfwering 
the grand purpofe of preferving thofe fyftems, it might, per- 
haps 
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haps like Saturn's ring, be provided on both fides of it, with am- 
ple means of making it a fuitable place for habitation : the habi- 
tation of myriads of millions of animate beings, equal or fuperior 
to thole, which people our planetary fyftem. 

Beyond that orb, at proper diftances, it is conceivable, there 
might be other concentric orbs, equally fuitable for habitation, 
and alike inhabited : including within them innumerable 
fyftems of planets, refembling the folar fyftem, and like that 
animated, and adorning the infinite expanfe. . 

To this hypothefis objections may be made; and fuch as.might 
prove it to be, like many an one which has preceded it, a mere 
philofophical revery. But before it be ranked in that clafs, I 
would afk, whether, if there be no fuch orb, nor any thing 
to anfwer a like purpofe, the law of gravitation, that univerfal 
law, on which the philofophy of the immortaliV<?w/<?/z is found- 
ed j by which, with fuch admirable fagacity, he has explained 
the phenomena of material nature ; and on which he makes its 
prefervation depend, will not finally bring on its diflblution ? 
Or rather, whether the operation of that law would not long 
ago have brought it on ? 

The fun of our planetary fyftem, and the funs (called fixt 
ftars) of other fyftems, and therefore the fyftems themfelves, 
do probably, according to aftronomical obfervations, pofTefs 
the fame relative place ; or are, in refpect of- each other, fixt. 
But how are the exterior fyftems (fuppofing the whole not 
boundlefs) prevented from approaching towards the common 
centre of gravity : from which, if they have no revolution 
round it, (which the like obfervations make probable) they 
cannot be kept by a projectile or centrifugal force ? Muft they 
not conftantly by that law be drawn, with an accelerating mo- 
tion, 
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tion, towards that centre ; arid finally, with the whole choif' 
of fyftems, directed by that law, arrive at it with fucceffive 
tremendous crafhes, until the deftrudtion of the whole would 
be compieatcd ? And could any- thing but the interpofition of 
the Power which created them; prevent it ?* 

If fuch a catanrophe would fed the -effect of that law, would 
it not demonftrate the wifdom, ■and'forefight of the Creator, to 
fuppofe, he provided- themeans of counteracting that effecT: at 
the fame time he ordained the law ? And among the poffible 
means of doing it, is it not conceivable, that a hollow fphere 
or orb, analogous to that above-defcribed, might be one ? 

It has been fagge fled in what way fuch an orb might pre* 
vent the gradual v/afte and decay of the material fyffem. Let 
us now fee, whether it might not be applied to prevent the 
fwifter and more dreadful cataftrophe, to which the law of gra- 
vitation,* in certain circum'ftances, fcems capable of fubjccting 
that fyftem. 

The defcribed orb, like every other body, would poffefs the 
gravitating principle, in proportion to its quantity of matter : 
which, in different parts of the orb, might be more or lefs 
denfe, as the effect, intended to be produced, might require. 
Where a ilrong attractive power might be neceflary, the den- 
fity would be greater ; and fo, vice verfa : and to aflift or co- 
-operate with it, a magnetic power might be fuperadded. 

Thus 

*' Mr. JFhiJton obferves, " It is by no means mrpoflible, that all the bodies in 
the univerfe ftiould approach to one another, and at laft unite in the common centre 
of gravity of the entire fyftem : nay, fromthe univerfality of the law of gravita- 
tion, and the fmitenefs of the world, in length of time, except a miraculous power 
interp'ofe and prevent it, it :muft really happen." Difcouife introductory to his 
.Theory, ;p. 38. 



. •with a Gwjefture, fuggejiing:a: Mean, :&c. zoy 

Thus conftituted, and furnifhed with thofe, and other need- 
ful qualities, and furrounding the whole vifible choir of fyftems-, 
might not the orb, by the principle of gravitation, either alone 
or affifted, keep thofe fyftems next to -it, from being drawn to- 
wards the centre of gravity by their own, and the mutual ac- 
tion of the interior fyftems ? And might not thofe feveral fyf- 
tems be fo placed, and the denudes of the bodies refpe&ively 
belonging to them, with the denfities of the furrounding orb, 
and confequently their mutual gravitating power, be fo regulat- 
ed, and adjufted, as to keep them all at the diftance affigned 
them ; and forever prevent their approximating, either to the 
centre of the general fyftem, or to its furrounding orb : all of 
them together thus conftituting an undecaying permanent 
whole ? 

It has been cbferved by philofophers, " that a body placed 
any where, within a hollow fphere, which is homogeneous , 
and every where of the fame thicknefs, will have no gravity, 
wherefbever it be placed : the oppofite gravities always precifely 
deftroying each other."'* But that obfervation cannot be ap- 
plied to the hollow fphere or orb, above-defctibed : for by the 
defcription, it is not homogeneous.—- Nor need it be of equal 
thicknefs i which, however, is a circumftance of no eonfider- 
ation, if equal thicknefs, with different degrees of denfity in 
different parts, would 1 anfwer the purpofe. 

The phenomena of nature, upon the fuppofition of fuch an 
orb, would probably be the fame, ceteris paribus, as now take 
place. Whether that fuppofition be iupported by phenomena,, 
and what other foundation there is for it, will be the fubjeel: of 
a future memoir. 
* Chambers's Cyclopsedia, tinder the word "Gravity, 



